ABSTRACT This paper describes a nonorthogonal multiple access (NOMA)-based device-to-device (D2D) communication system underlaying in a cellular network sharing time and frequency resource. To optimize the total transmit power for all users in the network, we investigate a comprehensive resource allocation solution consisting of joint subchannel assignments, user pairings, and power control. The optimization problem is a mixed integer linear program, which is solved in three low-complexity steps. We first group D2D users to minimize mutual interference from cellular users (CU). Second, we demonstrate a heuristic solution for coupling D2D users in each group. Finally, we minimize the total transmit power of all devices in the network while maintaining the SINR requirements for both CU and D2D users. The optimal solution is derived off-line using the Rayleigh fading channels for any given QoS level of CU and NOMA-D2D users. We recognize that both subchannel assignment and user pairings play the important roles in reducing the total transmit power of the network, in which both cellular and D2D users coexist. However, optimization of the subchannel assignment contributes more toward minimizing the total network transmit power than the proposed model of optimizing user pairings.
I. INTRODUCTION
Device-to-Device (D2D) communication is a promising technology that can alleviate traffic in core networks as well as increase mobility without rerouting data through NodeB [1] , [2] . Operating at short transmission distances with a low transmit power between D2D pairs, the spectral and energy efficiencies (SE and EE) can be significantly improved by sharing spectrum with cellular users (CUs). Traditionally, spectrum sharing is considered in the uplink because the downlink is often more crowded, however, the uplink and downlink loads have become more similar in modern high-density mobile networks [3] - [5] . D2D communications can potentially facilitate peer-to-peer (P2P) services [6] , [7] . Motivated by these possibilities, many publications have been studied different scenarios.
Nonorthogonal multiplexing access (NOMA) technology is capable of handling the demands of high throughput traffic in next generation networks [8] . NOMA offers significant improvements in both SE and EE without requiring any additional infrastructure manage resources [9] , [10] . Although conventional orthogonal multiplexing access (OMA) remains a core technology to achieve high throughput performance [11] towards toward the fifth generation (5G) goals of achieving higher network capacity, the development of 5G wireless networks poses new challenges by increasing the density of the entire network. This leads to an increasedinitiated world-wide to identify the potential benefits of NOMA. In this paper, we will review the most relevant work in downlink NOMA-based D2D transmission, while the novelty of this study will be discussed in the next subsection.
The first downlink NOMA transmission scenario was previously studied [16] using only two single antenna users and multiple transmit antennas at the base station (BS). Later studies developed a multiple antenna BS that transmits to multiple users in the same subchannel using the power coding technique [17] - [20] . The challenges and advantages of NOMA are discussed elsewhere [13] , [21] . A D2D network employing NOMA was previously considered [11] , in which the authors proposed a novel concept to group the users in a NOMA-based D2D system to groups and multiple D2D groups were allowed to share subchannels. A similar study [22] proposed the joint allocation of subchannels and powers to maximize the total rate of the D2D-NOMA system, while satisfying the SINR requirements of all D2D users in the network. The authors sequentially modeled the nonconvex power allocation to a convex problem. These concepts and grouping methods were extended to allow user pairing within groups before using NOMA to decode the desired signals between each pair [23] , [24] .
The impacts of user pairing was previously studied [25] - [28] in a centralized NOMA-D2D system where the BS controls both the sharing resources and manages the interference between cellular and D2D users. However, in a disjointed multiple user, multiple group NOMA uplink scenario, the interference between users at a particular BS increased proportionally with the number of neighboring transmitting users [2] , [7] , [29] - [33] . To mitigate cluster interference, additional studies introduced beamforming aided NOMA [34] , [35] . Currently, work using use zero-force (ZF) or maximum ratio transmission (MRT) detection at the receiver has helped reduce intercluster interference in both perfect and imperfect CSI conditions [10] , [12] , [36] , [37] . Closed-form expression investigating the ergodic sum-rate for uplinks and downlink is discussed elsewhere [38] , [39] , respectively. Because the joint optimization problems in such models utilize high dimension semidefinite programming, contributors are utilizing convex optimization problems that can be solved in a heuristic way.
B. MOTIVATIONS AND CONTRIBUTIONS
We continue to investigate the centralized models previously described while considering a coexistence model between the NOMA-D2D downlink system and the uplink cellular system [25] - [28] . This scenario can occur when cellular users use D2D communication in a femtocell network, which is in the same geographic area of a cellular microcell network. Methods to reduce the interference in cellular systems, such as beam-forming, [34] , [35] are not suitable for D2D users because of the high cost of hardware as well as the introduction of unnecessary complexity to already dense networks. This paper provides a comprehensive framework to overcome the joint subchannel allocation, user pairing and power control in NOMA-D2D downlinks underlying a cellular uplink network. In contrast to previous studies, because the channels are assumed to have unique frequencies, each signal received at the SIC receiver experiences a distinct channel gain that includes path-loss and shadowing. By exploiting these channel gains, we have proposed an effective subchannel allocation and user pairing method to mitigate the interference from cellular users to D2D users. This paper describes our efforts to minimize the total transmit power of all devices in the network, while minimizing SINR requirements for both CU and DU.
Compared with previously published works, the contributions of this article:
• We describe a new D2D-based NOMA system that merges the concept of D2D pairing with cellular users. This context allows a D2D transmitter to communicate with a number of paired D2D receivers to exploit effective application of the NOMA protocol. One group, which we refer to as a D2D group, consists of a subset of D2D pairs that communicates with one D2D transmitter. From this, we calculated an achievable rate for both cellular and D2D users.
• After calculate these rates, we propose a total transmit power optimization problem that considers the constraints of comprehensive resource allocation from subchannel assignments, D2D user pairing and power control for every users. This optimization problem is classified as MINLP and NP-hard because it considers both subchannel assignment and user pairing. Furthermore, for any given set of subchannel assignment and user pairing, the power control problem is a linear program, allowing its optimal solution to be attained in polynomial time.
• Instead of using highly complex computations to solve the global optimal problem, we obtain a local optimum to the total transmit power optimization problem in polynomial time in three consecutive steps: First, we exploit the large-scale fading channel to assign the grouped D2D users into subchannels. Second, we propose a diversity-based method(DBM) pairing method based on the diversity of all users in the network. Finally, we optimize the total transmit power of all downlink devices while minimizing the SINR requirements for both cellular users (CUs) and D2D users (DUs).
• We visualize the effectiveness of array gains as well as mutual interference from one user that may affect the pairing and subchannel allocation of other users. Our results also demonstrate that our proposed methods offer improvements over other currently available solutions.
C. PAPER'S ORGANIZATION
The remaining of this paper is organized as follows: Section II presents the considered system model and the analysis of spectral efficiency for every user in the network. Section III describes in detail the proposed total transmit power O is the complexity order of a process.
II. SYSTEM MODEL AND PERFORMANCE ANALYSIS A. SYSTEM MODEL AND ASSUMPTIONS
Our model utilizes a cellular base station (BS) equipped with N antennas and schedules L orthogonal subchannels. In addition, there are M downlink D2D-based NOMA D2D groups that transmit in the same geographical area. All D2D devices (i.e., D2D transmitter and D2D users) have a single antenna. In contrast to traditional D2D communications pairs [40] , [41] , the users in each D2D group will be paired such that successive interference cancellation (SIC) at the receiver side can be combined with NOMA. k th , k ∈ K m D2D receiver pairs, denoted as DR m , will simultaneously receive a pair of messagea, s k and s k from DT m D2D transmittera. In general, all channels in the network follow Rayleigh distribution patterns but can be classified into two groups:
• Uplink channels between cellular users, D2D transmitter devices and cellular BS: The column vector h l,n ∈ C N denotes the channel between CU n that uses subchannel l and cellular BS; The column vector g m ∈ C N denotes the channel between the D2D transmitter in group m and cellular BS.
• Downlink channels between cellular users, D2D transmitter devices and D2D users: {g
l,m,k } ∈ C is the channel between the D2D transmitter device in group m and the two users of pair k in group m operating in subchannel l. Additionally, h (1) l,n,m,k ∈ C and h (2) l,n,m,k ∈ C denotes the interfering channels between cellular user n utilizing subchannel l and two users of pair k in group m, respectively.
B. ANALYSIS OF D2D AND CELLULAR NETWORKS CAPACITY
During the uplink transmission of cellular users, x l,n denotes the data sent by cellular user n that is occupying subchannel l with E{|x l,n | 2 } = 1. This data symbol is allocated a power level P C,l n , which satisfies
Meanwhile, in group m, the D2D transmitter is sending signals to its pairs. In particular, the data symbols t
m,k and t (2) m,k will be transmitted to D2D user 1 and user 2 of pair k in group m, respectively. The transmitted power levels to these data symbols are denoted as P D, (1) m,k and P D, (2) m,k , which satisfy
where P D, (1) max,m,k and P D, (2) max,m,k represent the maximum power that the D2D transmitter device can use to send the data. From this, we also calculate the achievable rates of cellular users and D2D users.
1) UPLINK CELLULAR NETWORKS TRANSMISSION
The received signal at the subchannel l th of BS is denoted as y C l ∈ C N and given by
where x l,n represents the uplink data transmitted by CU n which uses the l th subchannel with E{|x l,n | 2 } = 1. The data represented by the symbols {t
m,k } are transmitted from the m-th D2D device transmitter to the two users in group m. ζ ζ ζ l is the additive white Gaussian noise (AWGN) at the BS on subchannel l, which distributes as ζ ζ ζ l ∼ CN (0, σ 2 UL I N ). Here, η l,m is defined as
To decode the desired signal from cellular user n using subchannel l, we assume that the cellular BS utilizes a detection VOLUME 6, 2018
In (6), the first term represents the desired signal and the second term denotes mutual interference from other cellular users. The last terms reoresebt mutual interference from D2D users and thermal noise. The achievable rate of this cellular user is therefore demonstrated in Lemma 1.
Lemma 1: If BS assumes a detection vector w l,n for user n who is using the l-th subchannel, then its achievable rate is computed as
where (8), as shown at the top of the next page.
n denotes the signal-to-interference-and-noise (SINR) ratio at the cellular which is expressed as in
Here, we emphasize that the achievable rate in Lemma 1 is applicable to any detection method under arbitrary channel environments.
2) DOWNLINK NOMA-D2D TRANSMISSION
For D2D communications in pair k in group m, the user with the smaller channel gain is called the weaker user. Without loss of generality, we assume in each pair that user 1 is the weaker and user 2 is the stronger, then
When paired D2D users decode their desired signals, we further assume that the perfect successive interference cancellation only applies to the stronger user. This suggests that the weaker user will employ conventional decoding methods. We then model the received signal for each of the two D2D users using subchannel l. In particular, the received signal of user 1 is formulated as
where ζ
. In (10), the first term denotes the desired signal and the second term refers to the intra-pair interference. The third and fourth terms represent interference other the cellular users and D2D transmitter devices that also use subchannel l. The last term represents thermal noise.
Based on (10), we obtain the received signal-tointerference-plus-noise ratio (SINR) at the DR (1) m,k as in (12) 
where the SINR value for this user is denoted as γ
m,k and shown in (12) .
In (12), the numerator indicates the importance of power control and how much signal is degraded over the propagation environment. The first term of the denominator denotes the power of intra pair interference, while the second term represents the total power of all cellular users that share the same subchannel l. The third term represents mutual interference from other D2D groups and the last term represents thermal noise.
We now formulate the received signal at user 2 of pair k in group m as
In contrast to user 1, user 2 utilizes the perfect successive interference cancellation to mitigate intra-pair interference and therefore the achievable rate for user 2 is formulated as in Lemma 3.
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Lemma 3: By applying the perfect successive interference cancellation, the achievable rate of user 2 of pair k in group m is
where the SINR value of this user, denoted as γ
m,k , is shown in (15) , as shown at the top of the this page.
Lemma 2 demonstrates that the intra-pair interference from user 1 is completely mitigated using the perfect successive interference cancellation. However, both lemmas confirm the existence of D2D inter-pair interference, which is effectively reduced by subchannel assignment.
III. JOINT SUBCHANNEL ASSIGNMENT AND POWER CONTROL FOR THE TOTAL TRANSMIT POWER MINIMIZATION PROBLEM
In this section, we outline the total transmit power consumption of the D2D users subject to the subchannel assignment and power control constraints.
A. PROBLEM FORMULATION
The total transmit power minimization problem of all D2D transmitter devices and all cellular users in the network is formulated as 
we can then convert the optimization problem (16) from the quality of service constraints to the SINR constraints as
We observe that the optimization problem (20) is a mixed integer program and therefore a combinatorial problem, which is inherently in extremely high computational complexity to obtain the global solution. 1 Moreover, we have so far assumed that the D2D pairs are available. We now propose a pairing method that aims at minimizing the total transmit power of the D2D transmitter devices. 4: {On each frequency channel l there exists only one D2D group} 5: Find the free subchannel in S m having the minimum
Algorithm 1
{M > L: Exist more than one reusable D2D group on a subchannel} 8: If
users.
B. PROPOSED SUBCHANNEL ASSIGNMENT ALGORITHM
Under an assumption that all cellular users have already known their subchannels, this subsection proposes a heuristic algorithm to reuse subchannels in each D2D group. The proposed subchannel assignment algorithm should satisfy the following criteria:
• The number of groups on a channel is as minimal as possible in order to minimize the co-channel interference between different groups as well as reduce the complexity of the general resource allocation.
• Device groups will be assigned into subchannels so that the influence of cellular devices is minimized. This arrangement takes advantage of both large-and smallscale fading factors to minimize interference from CU to D2D groups. Algorithm 1 expresses the proposed subchannel assignment. In particular, for each D2D group m, we compute the set S m , which contains the total channel gain from the cellular users in a subchannel and all D2D groups as demonstrated in (21) .
The relationship of total subchannels L and the number of D2D groups M can then be divided into two cases. The first case is when M ≤ L,in which there are sufficient frequency resources for each D2D group occupying one subchannel. For D2D group m, the subchannel is selected to ensure the minimum diversity gain, i.e. the minimal value
l,n,m,k | as shown in Step 5. This assignment satisfies the two previously outlined goals In the case M > L, there is more than one D2D group sharing the same subchannel. If M represents an integer times of L, then each subchannel will be utilized by M /L D2D groups. Otherwise, the division of M /L is not an integer, each subchannel is assigned M /L D2D groups. After that each of the remaining M − L M /L D2D groups will be allocated to a subchannel that satisfies the minimal interference effected by cellular users on D2D users.
C. DATA POWER CONTROL
For a given set of {η l,m }, the total transmit power minimization problem (20) becomes
We now emphasize that (22) is a convex program as shown in Theorem 1.
Theorem 1: The optimization problem (22) is a linear program. Consequently, if the global solution exists, it can be obtained in polynomial time by utilizing any general interiorpoint toolbox.
Proof: The main proof is to show that (22) is a linear program. In fact, the objective function is linear. The power budget constraints are also linear, making the feasible set convex. Moreover, the SINR constraints of cellular users can be rewritten as
which is an affine constraint. The SINR constraints of D2D users are also affine by using similar manipulations. Therefore, aligned with the standard form [42] , [43] , the optimization problem (22) is a linear program. Theorem 1 manifests the usefulness of a general purpose toolbox such as CVX to find the global solution to (22) [44] . However, with 2 
where F 1 and F 2 are defined as
which still increases exponentially with the network size. Therefore, in this paper we investigate a closed-form solution to (22) based on the observation that if the optimal solution exists, then all SINR constraints will be equal. Specifically, the L l=1 N l SINR constraints of cellular users becomes equal as show below:
Similarly, the M m=1 K m SINR constraints of weaker D2D users becomes:
In the optimal solution, the M m=1 K m SINR contraint of stronger D2D users is equivalent to:
We emphasize that solving a system of linear equations in (27) , (28), and (29) are able to be reduced to a matrixinversion computation. By utilizing the Cholesky decomposition method [45] , the computational complexity is reduced to:
which is less complex than the interior-point method.
IV. PROPOSED PAIRING METHOD FOR THE OPTIMIZATION PROBLEM
By assuming that all cellular users have been allocated to subchannels, we now propose a method to pair the D2D users. The main goal is to minimize the mutual interference between cellular users and D2D users using the system diversity guidelines as shown in Lemma 4. 
then we split these users into two groups of the user indices:
The paring method {1, K m }, {2, K m+1 }, . . . , {K m , K 2m } minimizes the total transmit power of all D2D transmitter devices. Proof: We first rewrite the SINR formula of D2D user 2 of pair k in group m as follows:
where the mutual interference I C, (2) m,k and I D, (2) m,k are respectively defined as
From the SINR constraint in the optimization problem (20) , the data power level for this user the satisfies:
Similarly, the SINR formula of D2D user 1 of pair k in group m as the following: 
m ,k ). (40) VOLUME 6, 2018
As a consequence, the result implies that the total power consumption of all D2D users is a function of the first term in (45), which we can prove using the proposed pairing method. Therefore, we complete the proof. 
V. NUMERICAL RESULTS AND DISCUSSION
In this section, the theoretical analysis and proposed methods from the previous sections are qualified and discussed by numerical results. In particular, we are interested in proposing dividing pairs in each group and simulating algorithms using a common subset of subchannels. We give the performance of the joint subchannel and pairing in 4 cases included DBM with proposed pairing DBM with conventional pairing, random channel assignment with proposed pairing and random channel assignment with conventional pairing. The general parameters of the network are given in Table 1 , while a number of specific parameters used for particular simulation are described in each figure. Due to the simple and scalable structure, the base station uses maximum ratio combining (MRC) to decode transmitted signals from cellular users.
1) CHANNEL MODEL
In the network, all propagation channels follow uncorrelated Rayleigh distribution patterns and are formulated as:
where
l,n,m,k , and β
m,k represent large-scale fading coefficients modeling the path loss and shadow fading. They are respectively defined as:
where σ is the standard deviation of shadow fading, which is set to 7 dB in this paper. 
where 
2) PERFORMANCE EVALUATION
Fig 2 visualizes the total transmit power of D2D devices versus the number of pairs in each NOMA-D2D group. In a general trend, the total transmit power increases with the number of D2D devices in a group. In particular, the network using the proposed pairing consumes the total transmit power from 14 [mW] up to 58 [mW] when the number of pairs in each group increases from 2 to 10. Additionally, the conventional pairing with the same distribution of pairs requires a total transmit power from 16 [mW] to 66 [mW] . Without pairing, we observed that the total transmit power dramatically grows up approximately 1282 times when the number of pairs increases by 5 fold (i.e., from 2 pairs to 10 pairs). In summary, the proposed pairing method consumes 5% to 10% power less than that of the conventional pairing. Therefore, this result demonstrates the effectiveness of pairing methods for D2D devices.
We demonstrate in Fig. 3 that the number of accessed D2D pairs as a function of cellular users. This shows how many D2D pairs can access the network while maintaining service quality for each user. Because the time and frequency resources are shared, the number of accessed D2D pairs will decrease as the number of cellular users on the network increases. The proposed method is the slowest, defined by a reduction from 10 to 2 D2D pairs. Additionally, the conventional pairing method does not allow any D2D pair to access the network when 10 cellular users are active. Specifically, in the absent of a defined pairing method, D2D devices cannot access the network if only 4 cellular users are available. This emphasizes that the two pairing methods detailed in this manuscript improve performance compared to no pairing, and that the pairing proposed in this manuscript outperforms conventional pairing methods. Our proposed pairing method is more effective because it permits more D2D devices to join the network than other method. Fig. 4 shows the total transmit power of D2D devices with different numbers of cellular users. The total transmit power is directly proportional to the number of cellular users if the network only serves a subset, e.g., 5 cellular users without pairing. For each method, there is a upper bound of the number of cellular users that the transmit power of D2D devices VOLUME 6, 2018 saturates. Because new D2D users cannot enter the network, the limits for the conventional and proposed pairing methods are 7 and 9 users, respectively. This phenomenon comes from the fact that no new D2D users can enter the network. Whenever one tries to do so, the system falls in infeasible domain due to quality of service maintenance and due to limited power budget at every user as well. For a network with 10 cellular users, our system can serve more D2D users because our maximum transmit power for D2D users is 270 [mW] which is higher than the 240 [mW] available with the conventional pairing method. Fig 5 illustrates the relationship of the total transmit power of D2D devices and the number of groups. This figure demonstrates the effectiveness of combining subchannel assignment with DBM, as in Algorithm 1. First, the transmit power increases with the number of groups. However, the combining DBM and our proposed pairing method requires the total transmit power to increase slowly from 0.2 [mW] to 1.9 [mW] when the number of groups increase from 1 to 8. This contrasts with DBM combined with conventional pairing, in which the power consumption increases from 0.25 [mW] to 2.4 [mW] . Without DBM, the network consumes the most power in all considered scenarios. Using only the proposed pairing method without DBM, D2D devices require 10.2 [mW] to sending data, while conventional pairing requires 11.5 [mW] . In summary, the proposed method of assignment reduces the transmit power up to 5 times in the tested scenarios compared to no pairing. Fig. 6 provides the accessed probability of NOMA-D2D system as the number of D2D groups increases. Our proposed pairing method allows all D2D devices to access the network as long as the number of groups does not exceed the number of available subchannels. If the number of D2D groups is greater than the number of subchannels, the combination of DBM and the proposed pairing slightly outperforms a combination of DBM and conventional pairing. This figure indicates the importance of using an advanced channel assignment because random channel assignment performs more poorly than our proposed DBM. The accessed probability by using DBM is better than random channel assignment by up to 39%.
VI. CONCLUSION
We have investigated a network with coexistence of D2D devices and cellular users. Not only can the D2D pairs share the same resource with a subset of cellular users but NOMA technology also enhances the spectral efficiency. From the network topology, we have calculated the achievable rate for both D2D devices and cellular users. While considering both mutual interference as well as beamforming efficiency. We then formulated a total transmit power minimization problem that was subjected to massive constraints for all users available in the network. Even though this problem is NP-hard, we have divided it into subproblems that each of them can be efficiently solved with low complexity. Numerical results demonstrate the important roles of pairing methods and subchannel assignment in reducing the total transmit power of the network that serves both D2D devices and cellular users. 
